The increasing interest in Arundo donax, a perennial lignocellulosic species only reproducing by propagation, requires the setup of cheap, simple and reliable techniques. Considering these targets, stem cutting offers considerable advantages. The present investigation aimed to compare: i) plants obtained by different propagation methods (by rhizome and micropropagation mother plants); ii) plants obtained by stem cuttings from basal, central and apical parts of the stem; iii) different planting periods (spring, summer, autumn). The obtained results showed that the number of new shoots from stem buds was: i) higher in the spring and lower in the summer planting period; ii) higher from cuttings obtained by micropropagated than rhizome mother plants, both in spring and summer plantings; iii) decreasing passing from the basal to the apical stem portion; iv) partly unexpressed in the autumn planting period; v) lower from one-year stem cuttings as compared to two-year stem cuttings.
Introduction
Arundo donax L., also known as giant reed, bamboo reed, river cane, canne de Provence, is a non-food, geophyte, herbaceous and rhizomatous perennial plant, with a C 3 photosynthetic pattern, belonging to the Poaceae family. It is widely diffused in Mediterranean, subtropical and warm temperate regions. 1,2 A relevant part of the dedicated scientific literature exclusively considers this species as a major weed, probably due to its high adaptability to marginal lands. 3 The high production potential, at least comparable with other C 4 species, 4 ,5 makes A. donax one of the most yielding and promising crops, its biomass being indicated as a great source of energy in Mediterranean, USA and Australian environments. [6] [7] [8] This kind of feedstock may be suitable to processed at different technological levels. 9 First, through direct combustion, but also in biological conversion processes such as the production of second generation bioethanol [10] [11] [12] with a general great attitude to energy generation. 13 Furthermore, the increasing demand of cellulose pulp for paper production and the progressive shortage of conventional raw materials for pulping (such as wood and its derivatives) determine a renewed interest towards herbaceous plant species and crop residues, especially in countries with insufficient forest resources. Among perennial herbaceous crops, A. donax revealed high potential in relation to biomass production, as well as for the good quality of cellulose pulp, suitable for paper industry and useable for many types of industrial products. [14] [15] [16] Giant reed rarely produces gametophytes and consequent vital seeds, 17 especially when introduced outside its area of origin, 18, 19 confined in the East/Middle-East areas. 20 Therefore, in natural environments asexual propagation occurs, almost exclusively via rhizomes or sprouting from stem buds. Giant reed grown in the Italian environment has been recently identified having polyphyletic origin. 21 Many authors have examined its production as a crop, comparing different cultivation techniques. 5, 8, [22] [23] [24] [25] [26] The vegetative propagation of A. donax via stem cuttings has a limited scientific bibliography, while the use of rhizome as propagation material is the most common technique, widely applied in various cultivation experiences even if a labour-intensive and time-consuming process. 27, 28 The lack of sexual reproduction is a negative characteristic when considering A. donax as an energy crop, since both propagation and genetic improvement became difficult to be carried out. 29 From an agronomical point of the view, stem cutting multiplication shows disadvantages mainly related to the limited number of plantlets obtained per each plant portion; this negative aspect could be overcome applying in vitro propagation methods. Nowadays, developed protocols are available on these regards. [30] [31] [32] In the past 22 and recently, [33] [34] [35] [36] [37] [38] open field propagation methods using stem cuttings has been reconsidered and studied. This technique seems to be technically and economically reasonable 39 however, a better understanding regarding the influence of the type of propagating organ and its characteristics (e.g. position, size, age) on the shooting and rooting capacity is needed. Timing and rooting circumstances are also relevant aspects to be deeply investigated.
Stem cuttings implants appear to be cost effective, since the main mechanization issues has been resolved. 40 This implant method might solve the principal barriers related to rhizomes planting, primarily due to the high cost of this propagation material.
This study, under controlled conditions in a cold greenhouse, deepens response to propagation by cuttings, comparing the effects of different portions and mother plant of different origin.
Materials and Methods
The research was carried out in Southern Italy (40°38'N,15°48'E, 850 m a.s.l.) in cold greenhouse, in the course of 2011. A. donax stems were taken from stock plants of the third vegetative season, obtained through both micropropagation and rhizome cuttings. Stems were collected in three different periods: spring (March 9), summer (June 7) and autumn (September 15) from field cultivation.
Regarding the autumn period, clamps singled out stems produced in the previous vegetative season (2010) from the current one. Thus, autumn stem cuttings were separately collected with respect to their different age and defined as old and new stem cuttings, respectively. 22, 41 Starting ten centimeters from the soil surface, the above-ground part of giant reed was collected, sectioned into three onemeter portions, thus forming the following groups: i) basal (from 10 to 110 above the soil surface); ii) central (from 110 to 210 above the soil surface); iii) apical (from 210 to 310 above the soil surface).
Each group was composed by twenty cut- tings and the number of total buds per single portion was counted. Stem cuttings were planted horizontally, ten centimeters depth in the soil. In order to avoid soil cracking, a substrate mixture composed by equal amounts of silty-clay soil, river sand and common nursery substrate was used. Afterwards, soil moisture content was kept close to field capacity through sprinkled water supplies, during the whole observation period. Substrate temperature was measured through a geothermometer equipped with a ten centimeters depth probe (Figure 1 ).
Emerged shoots have been counted, on average, five times per week; these observations were stopped when no other new emergences were detected within a week. At the end of each survey period, all stem cuttings were explanted in order to evaluate possible changes on underground buds (buds sprouted but no shoot emerged). The obtained datasets have been expressed as percentage of emerged shoots relative to the total stem cutting buds. The best fitting curve function was applied to graphically show the time trend of shoots appearance. The obtained curves have been studied directly comparing their confidence intervals (P≤0.05) according to the approach originally proposed by Monteleone and colleagues. 42 
Results

Spring planting
Substrate temperature generally increased ( Figure 1A ) during this considered period (69 days, from March 11 to May 20). A higher increase was observed in T-max compared to T-min. Average values increate from 16 and 7°C, during the first decade, respectively.
Sharp thermal declines were recorded in the second and fourth decade, with minimum temperatures below 10°C.
Concerning the shoots obtained from stem cuttings derived by micropropagated plants, basal portions showed higher shoot emergence rates, compared to the other two treatments; starting to differ from 29 and 43 days after planting (DAP) for the apical and central portion, respectively, and reaching a final rate of 50% from 50 DAP (Figure 2A ). Central and apical stem portions have 12 days to reach the maximum shoot emergence rates. Their final value was 19 and 51% lower compared to the basal portion, respectively.
Regarding shoots from stem cuttings derived by rhizome propagated plants ( Figure  2B 
A shoot emergence starting from 25 DAP was observed for stem cuttings derived by micropropagation, a week in advance than those derived by rhizome; such a difference of earliness was confirmed until they reached the maximum rate value. Furthermore, apical portions always showed earliness together with a lower final rate of emergence, when compared to the other portions; these latter presented differences among them only in the case of stem cuttings derived from micropropagation.
Lastly, it is worth noting the best performance highlighted by basal portions of micropropagated cuttings.
Summer planting
Substrate temperature generally increased ( Figure 1B ) during this considered period (42 days, from June 8 to July 21), from 26 and 19°C in the first decade to 22 and 32°C in the last decade, for T-max and T-min respectively. Considering the central part of the considered period, the substrate average temperatures were high (T-max 30°C) and rather constant. The shoot emergence rate of micropropagated stem cuttings ( Figure 3A) , showed a significant differentiation between 20 and 23 DAP, with the best final recorded performance (21%) for the basal sections and the worst (9%) for the apical portions. Stem cuttings from rhizome mother plants ( Figure 3B ) have shown lower shooting rates from buds of the central portions, compared to the other portions, starting from 18 DAP. This has led to a maximum final rate of 9 against 13% recorded for the remaining portions. The shoots emergence started around 15 DAP regardless of the mother plants origin; reaching final maximum rates with a limited difference among treatments, around 33 DAP. Summer period similarly to the spring, showed the basal portion of stem cuttings derived by micropropagation with the highest emergence rate. the last decade. A thermal loss in the end of third decade was recorded, with minimum temperatures of 7°C. In this period, no relevant differences on shoot emergence rates has been observed among the considered propagation mother plants. Shoot emergence rates from stem cuttings produced in the previous year (old cuttings, Figure 4 ) started between 20 and 25 DAP and lasted for 4 weeks. No significant differences were observed among the various stem portions. An average of 30% of emerged shoots was recorded. At the explant time a 29% of the total stem buds produced normally formed shoots, but without a sufficient dimensional growth to emerge. Shoots derived from new cuttings ( Figure 5 ) have shown different responses with respect of old cuttings, in particular: i) a lower shooting rate of apical portions, compared to the other stem portions (8 vs . 20%) ; ii) a slower emergence progression, leading to lower final rates; iii) the absence of small-sized, not emerged shoots at the explant time.
Autumn planting
Discussion
The experimental data collected regarding the correlation between mother-plant propagation methods and propagation capacities showed, on average, no relevant differences between rhizome and micropropagated mother-plant types. However, cuttings obtained by micropropagated mother-plant stem sections showed, generally, more encouraging results. Moreover, springtime seems to be the most suitable period for the propagation of A. donax by means of stem cuttings. It has been possible to observe significant differences on the extent of shoots emergence, among the different planting periods and the different examined stem portions. In particular, a 38% of shoot emergence rate has been observed for spring planting, three times higher than summer planting and nearly doubled compared with autumnal period (Figure 6 ). Such differences are not attributable to different water availabilities, although the thermal factor has primarily influenced the stem buds susceptibility to produce shoots. 38 In terms of number of emerged shoots, in the autumnal period an intermediate value between the other periods, spring and summer, was recorded. However, during this observation period, not yet emerged shoots detected at the explant time (therefore not accounted for), has expressed a propagative potential close to the one achieved in spring plantation time.
As observed in earlier experiences, 37,38,43 the production of new shoots from stem buds has a relevant decrease trend in acropetal direction (Figure 7) , with a 37% difference between basal and apical portions.
The different attitude to produce shoots from stem buds is a key factor to be taken into account during both the mechanical harvest of stem portions for field propagation and the planning of field implantation. Stem cutting production and the following open field planting, starting directly from mother plants, may be considered a relatively simple mechanical operation. Given recent achievements and efforts in these regards, 40 particular attention should be given not to include stem cuttings with shoots presence, from open field mother plants. These type of shoot develops in late summer on two years old stems, generally in the apical part for approximately 1/3-1/4 of the stem height. 22, 44 In order to use such propagative material in case of open field plantation, a topping method has to be established simultaneously with stem cutting collection, as such shoots would be interfering with mechanical planting operations. Further studies on the basal and central portion cuttings planted in autumn period might be of help to better understand the nature of such an unexpressed bud potential, possibly due to thermal conditions. It will be appropriate to investigate autumn stem cuttings plantation in open field conditions, to evaluate both the autumnal and springtime shoots emergence rates. It would be possible then, to evaluate: i) cold resistance/tolerance on both emerged shoots and underground buds, in winter time; ii) irrigation incidence during the initial planting period at that time of the year, absolutely needed in the case of spring and summertime cultivations. 45, 46 
Article
Conclusions
The obtained results underlined a greater new shoots emergence rate from stem buds planted in springtime, the best performance was obtained from basal stem portions and stem cuttings by micropropagated mother plants. Less satisfactory emergence rates has been shown from summertime planting, apical stems portions and stems produced during the same planting year (new cuttings). It remains to be deepened the knowledge about the autumn planting time of two years old stem cuttings. Indeed, a good predisposition in formation of new shoots is expected together with the possibility to limit irrigations in early planting stages when open field cultivations are considered. 
